P-chiral oligonucleotides in biological recognition processes.
Internucleotide phosphodiester linkages in non-modified oligonucleotides are quickly degraded by nucleolytic enzymes present in the cells and this feature practically eliminates natural DNA and RNA molecules from medical applications and from many structural and mechanistic studies. P-chiral oligonucleotide analogs, in which one of the non-bridging phosphate oxygen atoms is substituted with another heteroatom (e.g. S, Se) or a chemical group (e.g. CH3, BH3(-)), have significantly greater nuclease resistance and also offer important possibilities for detailed studies of interactions with other biomolecules at the molecular level. Notably, these substitutions do not disrupt hydrogen bonding between nucleobases and affect the overall geometry of the oligomers to only low or moderate extent, although important changes of hydration patterns and changes of interactions with metal ions are observed. Such the probes, including isotopomeric species labeled with a heavy oxygen isotope, possessing phosphorus atoms of selected absolute configurations, have been used for elucidation of the mode of action of many enzymes (nucleases, transferases, kinases), ribozymes and DNA-zymes, as well as for investigations on thermodynamic stability of nucleic acids complexes (duplexes, triplexes, i-motif) and for studies on a mechanism of conformational changes of B-Z type. They are also useful tools for analysis of interactions of the phosphoryl oxygen atoms in natural precursors with functional groups of proteins. The synthetic routes to stereodefined forms of selected types of P-chiral oligonucleotides are presented, as well as recently developed methods for their configurational analysis at micromolar concentration. Selected examples of application of diastereomerically pure P-chiral oligonucleotides for structural, biochemical and biological experiments are discussed.